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Chapter I : Introduction 
Interfacial reactions between solid surfaces and aqueous solution play important roles for various applications in 
seientific and industrial areas. Intermolecular interactions in sueh systems ultimately determine the behavior and 
mechanism of these interfacial reactions, so they affect many teehnological processes. Therefore, this research is 
proposed to develop a fi]ndamental underStanding of the interactions at the solid and aqueous (water and electrolyte 
solution) interface, where the main interest rests on the relative relations of the adsorbate/substrate and 
adsorbate/adsorbate interactions for many systems. Hence, Chapter I gives a brief introduction to the solid-aqueous 
solution interfaee and interfacial interactions with the recent theoretical contributions for the study of ion-water-surface 
interactions. 
Chapter 2: Computational Methods 
The theoretical aspects of our calculations have been described in this chapter. Density ftrnctional theory (DFT), 
quantum chemical molecular dynamics and classical Inolecular dynamics methods are briefly introduced and the 
programs "Colors" and New-Ryudo, which have been developed by our group and used in this research, are explained 
in detail. 
Chapter 3: DFT and Tight Binding Quantum 
Metal Oxide Surfaces 
MgO/water interface were previously 
investigated performing static and dynamical 
calculations for the structure of water layers on 
oxide surfaces, however, specific information on 
interaction mechanism of an isolated water molecule 
with MgO(lOO) surface was not explained in detail 
in such investigations. Therefore, the basic structural 
and dynamical properties of single water molecule 
 and water multilayers on oxide surfac･es were 
investigated using quantum chemical inolecular 
dynamics method in order to have a detailed 
information on the water interaction with oxide 
surfaces. The results revealed that a weak molecular 
interaction of water takes place on MgO(100) 
surface. At the minimum energy configuration, 
single water molecule is aligned nearly parallel to 
Chemical Investigation of the Structure of Water Molecules on 
Table 1. Calculation results for the single molecular water interaction 
on MgO(lOO) by COLORS and I)FT. Numbers in parenthesis 
indicates the charges of atoms before water adsorption. (Ow: oxygen 
ofwater and Os: oxygen at MgO suface) 
Binding energy 
Eb lkcaymoll At~mic charges 
Interatomic 
distances [A] 



















DFT l 3 .24 
O*~: -0.23 (-0.3 l) 
ld:: 0.1 O (0.15) 
Os: ~0.38 (-0.43) 
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 environment at the interface, so that the~･' tend to lie farther fiom the surface. I also propL)~ed the hydration behavior of 
the ions at the so]id-electrolyte intcrfacc., where the hydration of ions was decreased rather than in the case of liquid 
water. The formation ofstrong water layer on the solid surface is responsibie for this e,ffv'ct. Thus, it causes the decrease 
of water molecules attached weakly ar()und the ions. Therefore, interesting]y, but not surl~risingly, when the ions lost or 
reduced thelr hydration shell at the interface, the order of the mobility of ions were reVe['sed, so that srnall ions could 
have higher mobility at the solid and aqueous electrolyte solution interface. 
Chapter 6: Dynamics and Stability. of a Colloidal Particle in Aqueous Electrolyte Sd~uticu]s 
As an extension ofthe studies in above chapters to a bigger system, 
the stability of colloidal suspensions was evaluated in this chapter i,o 
apart from the general known phenomena of Brownian motion and (1' 
classical DLVO theory. Dynamics of colloidai particles become much 8 0.9 Ljcl solution o 
~ 
more complex when the hydrodynamic elr~cts of the solvent become ~5 
important. Brownian motion of f~Tpe particles and interactions of g o 8 jnwaif~_r IS 
 collo;dal particles, described by DLV･O theory, have been extensiveiy '~ 
studied, however, effect ofthe electrolyte-s on the medium is one ofthe ~ o 7 . !1,1~ i : ..  ~ o 6 :~/:･･J･~ "Irlt : Q  i > inxportant factors for the stabrlization of colloidal system:s that. is not 
considered in such studies. Therefbre, a fimdamental investigation was o: *~--~ 
carried out for the hydrodynamic eflbdt of electrolytes on the stability 0'5 ~L____ * 
of a colloidal particle as a function of lon concentrations. Relative O'o i o 2 o 3.0 lon concentraton [M] 
hydrodynamic frictional forces on a coiloidal particle in the presence 
of structure-making or breaking ion~ ~vere calculated to examine the Figure 2. Hydrodyllamic relative fi-iction forces 
effect of ions on the motion of the particle. It was deduced that Li+ of the colloidul particle in bulk water and 
solution exert higher hydrodynamic frictlon forees on the colloidai electrolyte soltitions ofLiCl and CsCl according 
particle ar]d this effect is incrcasing wlth the ion concentration. Thus to their concehtriition. 
the mobihty of the colloidal particie ¥~'as restricted in the presence of 
structure-making ions. Howcver, this elYecl was not observed clearly in the case ofCs~ sa]tition, as expected_ This effect 
is seen from Figure 2, wherc the changes of relative hydrodynalrl;ic frictional forces ¥~'ith the concentration of the 
solution are shown. Therefbre, the hydi'odynamic effects ofthe ions are one ofthe import,clllt factors for the stabilization 
of colloidal systems that must be takbn into account with particle-particle interactio~ and Brownian motion in a 
colloidal suspension_ These fundamental studies on the colloidal particle will be useful f'or further studies on complex 
colloidal systems and suspensions in the presence ofelectrolyte solutions. 
~
 
Chapter 7: Summary and Conclusions 
The hTlportant points in this study were: (f) to understand how the intermolecula:r interactions ccunpete to arrange the 
molecules and atoms at the solid-solut.ion interface; (ii) to determine ir] what condition~ water molecules interact with 
an oxide surface with or without electrolytes; (iii) to understand how the ions affect the iirltractions in aqueous solution; 
(iv) to understand how these interactions affect on the colloidal particle in aqueous nledia. Therefore, the research was 
conducted according to these by investigating the nature of water on metal oxide surface~. simulating the stTucture and 
dynamics of aqueous solutions in different types of electrolyies, analyzing th~ adsorbate/substrate and 
adsorbate/adsorbate interactions at the, aqueous solution interface, and examining the ~ffects of electrolyies on the 
colloidal stability. In general it can bc concluded that computational chemistry methotis ate very important tools to 
obtain valuable information and useful insights into the properties ofdifferent systems at thc molecular level, which can 
be applied to challenging studies to improve the understanding of the interfacial reaL'.tions for many systems. The 
practical useftilness of these studies is evident since they will constitute a fundulfichtai understanding in the 
Investigations leading to more complex inte.rfacial interactions for various technologlcal appi ications. 
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